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ABSTRACT 

Background: multiple-organ failure is the chief inducer of death in diabetes mellitus and hyperglycaemia- 
induced oxidative stress is responsible for serious complications including nephropathy. Medicinal plants with 
antioxidant activity may ameliorate oxidative status and improve the histological and immunohistochemical 
lesions resulted in chronic hyperglycemia in diabetes. 

Aim of the work: this study aimed to assess the beneficial effects of aqueous saffron extract (ASE) in 
streptozotocin (STZ)-induced diabetic mice by investigating the histopathological and immunohistochemical 
pattern in kidney tissues of different experimental groups. 

Material and Methods: fasted mice were intraperitoneally (IP) injected by a single dose of a STZ (60 mg/kg 
body weight). After 24 hours, animals with fasting blood glucose over than 300 mg/dl were considered diabetic. 
The experimental groups were; control (1), saffron (2), diabetic (3) and diabetic + saffron (4). The treatment was 
started on the same day of STZ administration with oral gavage of ASE (80 mg/kg body weight) along with 
drinking water. At the end of the experimental period (45 days), fasting blood glucose was measured by blood 
strips using an  Accu-Chick Performa device (Germany). Furthermore; histopathological and 
immunohistochemical studies were performed. 

Results: Results showed that ASE significantly decreased blood glucose level and caspase-3 immunoexpression 
in treated diabetic mice as compared to untreated diabetic ones. Moreover, ASE improved the histopathological 
pattern to show a less injury. 

Conclusion: administration of ASE showed significant ameliorative effects on the biochemical, histopathological 
and immunohistochemical parameters in kidney tissues of treated diabetic mice. 
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INTRODUCTION 
Diabetes mellitus (DM) is a metabolic disorder MATERIAL AND METHODS 
with a high prevalence rate. Its prevalence is Animals 
assumed to be around 6% up to 2025 H, DM is Forty adult male Albino mice weighing 25-30 g, 8 
characterized by hyperglycemia and is related to weeks old were used in this study. Animals were 
chronic disorders of carbohydrate, protein and lipid housed under standard laboratory conditions (five 
metabolism. If diabetes is not cured in time, it causes rats per cage, an ambient temperature of 25 + 2°C, 
serious complications such as atherosclerosis, under a 12-h light/12-h dark cycle and open access 
neuropathy, retinopathy and nephropathy /!. to food and water). All experiments performed in 
It has been confirmed that hyperglycemia accordance with the health guidelines for 
supports oxidative stress with both enzymatic and laboratory animals prepared by Zagazig 
nonenzymatic mechanisms "!, Saffron is a widely University. After the acclimatization period, 
used food additive; it is used in traditional medicine animals were equally categorized into 4 groups as 
for the treatment of numerous diseases including follows: control (1), saffron (2), diabetes (3) and 
depression, cognitive disorders, seizures and cancer diabetes + saffron (4). Streptozotocin (STZ) (Sigma- 
4, Aldrich, USA) was dissolved in distilled water for 
Therefore, the aim of the present study was to rapid and effective induction of diabetes after 24 
investigate whether saffron supplementation could hours and injected intraperitoneally as a single dose 
ameliorate histological and immunohistochemical (60mg/kg BW) to G3 and G4 ©: %1, Blood samples 
changes in the kidney of albino mice due to were taken from the tail vein directly to the glucose 
streptozotocin-induced DM? It is an attempt to strips for all studied groups. 
record a prophylactic role for saffron in 
hyperglycemia supporting the recent trend of Ethical approval: 
alternative medicine. The onset which in turn may This study was conducted in accordance with 
minimize the risk of diabetic complications that ethical procedures and policies approved by 


became direct causes for human death. 
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Animal Care and Use Committee of Faculty of 

science, Zagazig University. 

Preparation of aqueous saffron extract (ASE) 

The dried stigmas of Crocus sativus flower were 

obtained from Al-alawy Market, Jeddah, Saudi 

Arabia. Soak one gram of saffron in 100 ml distilled 

water. Homogenize in the same distilled water After 

2 hours, stir for 1 hour and filter. This aqueous 

extract was lyophilized and stored at 4°C until 

further use !”, 

For histopathology and immunohistochemistry; 

10% neutral formalin- fixed specimens of kidney 

were used, dehydrated in ascending series of 

ethanol, cleared in xylene and embedded in paraffin 
wax. Section cutting was performed at 3-4u 
thickness, deparaffinized and processed for: 

a- Hematoxylin and eosin (H & E) staining '*!. 

b- Masson’s trichrome staining for collagen ”!. 

c- To detect cytoplasmic apoptosis, 
immunohistochemical activity of caspase-3 was 
tested. Avidin biotin complex immunoperoxidase 
technique was applied on paraffin sections. 
Blocking for endogenous peroxidase was done 
with methanolic H202 for 20 minutes. Biogenex 
Antigen Retrieval Citra solution in 90 ° C water 
bath was used (30 minutes). Cool slides for 20 
minutes then block by normal horse serum at 37 
°C (5 minutes). Incubate sections for 18 hrs. at 4 
°C with the antibody against caspase-3 (rabbit 
polyclonal antibody at dilution 1:200, Thermo 
Scientific, Ab-4). The immunohistochemical 
reaction was then developed and stained with 
diaminobenzidine chromogen solution “DAB” 
(Sigma). Counterstain with Mayr’s hematoxylin 
and finally mount with DPX. 


Statistical analysis 

All data were analyzed using the SPSS 25.0 
statistical package and expressed as mean + 
standard deviation. Statistical evaluation of 
significant difference between the means of groups 
was performed with one-way analysis of variance 
(ANOVA), followed by Tukey test and p < 0.05 
was regarded as significant. 


RESULTS 

1-The glucose onset 

Testing of glucose status in our experiment revealed 
that injection of animals with STZ (60 mg/kg b.w.) 
dissolved in distilled water resulted effectively in 
induction of diabetes within 24 hour. The glucose 
status in the present study exhibited some sorts of 
fluctuation in the different experimental groups as 
indicated in table land histogram 1. The blood 
glucose level of the control group was in the normal 
range during the time of the experiment. Animals of 
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the saffron group exhibited a non-significant (p < 
0.9300) difference in comparison with that of the 
control group after 45 days of administration it was 
nearly similar to the normal value. Glucose level was 
increased significantly (p < 0.0001) in the diabetic 
group after 45 days from STZ-injection (course of 
diabetes) as compared to the control group. The 
saffron aqueous extract was significantly (p < 
0.0001) reduced the blood glucose levels of the 
diabetes + saffron group as compared to the diabetic 
group after 45 days from administration of saffron. 


Table 1: glucose measurements for different groups 
of albino mice 


Diabetic 
Control | Saffron | Diabetic | + 
Saffron 


as ta a ee 


— Average | 10225 101.75 | 571.8 aso 
Efo [e pon fo 
deviation 


10.08 


P Value | [0.93 | 0.0001_| 0.0001 _ 


Histogram 1: glucose measurements for different 





The histopathological observations 

H and E stained sections 
The light microscopic examination of H and E- 
stained kidney tissue of the control and saffron- 
administered animals revealed a normal histological 


architecture (Figs. 1, 2). However, induction of 
diabetes mellitus in the experimental group resulted 
in several histopathological lesions including 
sclerotic and lobulated glomerulus with narrowing 
of the urinary space, necrotic proximal convoluted 
tubules and severely-damaged distal convoluted 
tubules in macula densa (Fig. 3). Administration of 
saffron in an oral dose of 80 mg/kg to the diabetic 
mice ameliorated the histological pattern of the renal 
tissue towards the normal status (Fig. 4). 
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Fig. 1: section of kidney cortex of control mice (H&E, x1000) showing a normal cortical elements; glomerular 
size (G), Bowman’s space (BS), proximal and distal convoluted tubules (PCT & DCT respectively). 

Fig. 2: section of kidney cortex of saffron-administered mice (H&E, x1000) showing normal histological criteria 
for glomerulus (G), PCT and DCT. 

Fig. 3: section of kidney cortex of STZ-diabetic mice (H&E, x1000) showing necrotic (N) proximal convoluted 
tubules, damaged distal convoluted tubules (DCT) in macula densa (MD) and lobulated and scelerotic glomerulus 
(G) with narrowed urinary space (curved arrow). 

Fig. 4: section of kidney cortex of diabetic mice administered by saffron (H&E, x1000) showing a nearly normal 
histological pattern of renal parenchyma; glomerulus (G), PCT and DCT with a slight affection. 


Masson’s trichrome stain 

The Masson’s trichrome-stained kidney sections revealed the collagen status in the different experimental 
groups. A normal and minimal collagen distribution could be detected in the basement membranes of all renal 
tubules (peritubular), brush borders of the proximal convoluted tubules, periglomerular, mesangial matrix and in 
the renal interstitial tissue. (Fig. 5, table 2 and histogram 2).Elements of the renal tissue in mice-administered 
with saffron illustrated a collagen status nearly similar to that of the control animals (Fig.6). The image analysis 
recorded a significant decrease (p < 0.0478) as compared to that of the control value (Table 2 and histogram 
2).Application of STZ to the experimental animals resulted in DM accompanied with extensive collagen 
deposition around the thickened congested blood vessel wall, peritubular and periglomerular (Figs.7, 8). This was 
confirmed by image analysis which recorded a highly significant increase (p < 0.0001) in collagen deposition in 
the elements of renal tissue as compared to that of the control animals (Table 2 and histogram 2).Treatment of the 
diabetic mice with saffron extract revealed minimal deposition of collagen in the periglomerular, peritubular, 
brush borders and mesangial matrix which recorded a significant decrease (p < 0.0001) in collagen deposition in 
the renal tissue towards the normal pattern as compared to the diabetic group (Fig. 9,Table 2 and histogram 2). 
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Fig. 5: section of kidney cortex of control mice stained with Masson's Trichrome (x1000) showing a normal 
collagen distribution could be detected in the peritubular (white arrows), brush borders (arrow heads) of the 
proximal convoluted tubules, periglomerular (black arrow) and mesangial matrix (asterisk). 

Fig. 6: section of kidney cortex of saffron-administered mice stained with Masson's trichrome (x1000) showing 
nearly normal distribution of collagen in the renal tissue localized periglomerular (black arrow), peritubular (white 
arrow), in brush borders (arrow heads) of PCT and mesangial matrix (asterisk). 

Fig. 7: section of kidney cortex of STZ-diabetic mice stained with Masson's trichrome (x1000) showing extensive 
collagen deposition in periglomerular (black arrows), peritubular and mesangial matrix (asterisk). 

Fig. 8: section of kidney cortex of STZ- administered diabetic mice stained with Masson's trichrome (x1000) 
showing extensive collagen deposition (black arrows) around thickened congested blood vessel wall (asterisk). 
Fig. 9: Section of kidney cortex of diabetic mice-administered by saffron stained with Masson’s trichrome 
(x 1000) revealed minimal collagen deposition in periglomerular (black arrow), peritubular (white arrow), brush 
borders (arrow heads) and mesangial matrix (asterisk) compared to diabetic group. 
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Control | Saffron | Diabetic Piven 
c S D + Saffron 
D+S 
mean 


0.00216 | 0.00327 | 0.08446 | 0.00547 
deviation 
value | 0.0478 | 0.0001 0.0001 


Table 2: mean optical density of collagen content in kidney of control and experimental groups 
Histogram 2: representation of collagen content in kidney of control and experimental groups 





3- Immunohistochemical observations 

Caspase-3 
Application of caspase-3 immunostaining to the kidney sections of the experimental groups resulted in a 
negative reactivity for caspase-3 in the glomeruli and renal tubules of both control and saffron groups (Figs 10, 
11, table 3 and histogram 3). However, the activity of caspase-3 was increased significantly (p < 0.0001) in the 
damaged renal tissue of the diabetic animals as compared to that of controls (Fig. 12, table 3 and histogram 3). 
But, in the combined diabetic and saffron-administered mice, the caspase-3 immunoreactivity was significantly 
decreased (p < 0.0001) as compared to all STZ-diabetic mice (Fig 13, table 3 and histogram 3). 





showing a negative caspase staining in Malpighian corpuscle and renal tubules 

Fig. 12: caspase-3 immunostaining (x1000) in STZ-diabetic mice showing increased immuoreactivity in renal 
elements glomerular area and tubulointerstitial (arrow heads) 

Fig. 13: caspase-3 immunostaining (x1000) in STZ-diabetic mice treated with saffron exhibiting a decrease in 
caspase-3 immunoreactivity as compared to the diabetic group 
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Saffron | Diabetic 
D 


Control 
c S 


0.03914 | 0.03686 | 0.978143 
mean 


0.00279 | 0.00279 | 0.057429 
deviation 


Table 3: mean optical density of caspase-3 immunoreactivity in the different experimental groups 
Histogram 3: concentration of caspase-3 immunoreactivity in the different experimental groups. 


DISCUSSION 

Testing of glucose status in our experiment 
revealed that the administration of animals with STZ 
dissolved in distilled water resulted effectively in the 
induction of diabetes within 24 hours with a 
significant increase in glucose status in the exposed 
animals which returned toward the normal state by 
treatment with (ASE) recording a hypoglycemic 
effect for saffron. These results are in agreement 
with those of other investigators who recorded a 
rapid induction of diabetes in albino mice after 24 
hours of injecting STZ dissolved in distilled water l“. 
This is also in line with a previous study which 
recorded a similar effect in alloxan-diabetic rats 
given saffron extract and crocin and safranal which 
are the active metabolites of saffron ''°!. The 
hypoglycemic effect of saffron extract seems to be 
exerted by mechanisms including stimulation of 
glucose uptake by peripheral tissues !'"!, inhibition of 
renal glucose reabsorption l!” or correction of insulin 
resistance l!l, stimulation of B-cells of islets of 
Langerhans to release more insulin ''*! and 
regeneration of B-cells of islets of Langerhans !'°!. 
The hypoglycemic effect of crocin was attributed to 
its free radicals scavenging properties, its ability to 
enhance host antioxidant defense system and its 
ability to inhibit inflammatory and fibrotic cascades 
activation and draw a mechanistic conclusion about 
its ability to suppress progression of diabetic 
nephropathy (DN) in a murine model of type-1 
diabetes mellitus and DN therefore, they recording 
an ameliorative impact for saffron on DN "°!, Also, 
the present results concerning the glucose status 
support and extend previous results which recorded 
the ability of saffron to normalize the activity of 
kidney functional enzymes and its protective effect 
on diabetic renal disease H”. Saffron extracts 
improved glycemic control by suppression of the 
pathophysiologic pathways involved in insulin 
resistance. They provide evidence suggesting that 


Diabetic 


-f 


Saffron 


D+S 
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saffron is a safe and efficacious natural product that 
might serve an accessory role to routine anti-diabetic 
medications, and also as a dietary supplement to 
mitigate insulin resistance in pre-diabetic individuals 
[18]. Several advantages in reducing diabetes in mice 
using the treatment with the hydro alcoholic extract 
of saffron together with the consequences of 
diabetes, such as hypertriglyceridemia and 
hypercholesterolemia "”!, 

Concerning the histopathological effects of 
diabetes recorded in the present study, application of 
STZ to the experimental animals resulted in several 
lesions including damaged, sclerotic and lobulated 
glomeruli and several necrotic foci in the renal tissue 
which may attribute to the oxidative stress of 
hyperglycemia. These results are in consistence with 
preceding studies which recorded glomerular 
degeneration, inflammation, karyolysis, 
karyorrhexis, necrosis, mesangial hypercellularity 
and expansion of glomeruli which associated with an 
increase in mesangial matrix and thickness of 
glomerular basement membrane in alloxan-diabetic 
rats °l, Free oxygen radicals are highly toxic on all 
the cell components, especially in the cellular 
membrane. Increased free radical production exerts 
cytotoxic effects on the membrane phospholipid, 
resulting in the formation of toxic products such as 
malondialdehyde (MDA). The reactive oxygen 
species (ROS) take a role in the pathogenesis of 
many diseases including hypoxia, 
hypercholesterolemia, atherosclerosis, hypertension, 
ischemia—reperfusion damage, and heart defects P+. 
It is thought that mesangial expansion reduces the 
capillary surface area available for filtration 7!. In 
mouse models of diabetic nephropathy, short-term 
consequences of diabetic nephropathy, including the 
development of the glomerular hyperfiltration, 
increased albuminuria and glomerular basement 
membrane (GBM) thickening, and mesangium 
expansion was demonstrated '*!, Renal histology 
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showed corpuscular, tubular and interstitial changes. 
Changes in the corpuscles were related to the 
reduction of Bowman’s space which could be due to 
the expansion of mesangial and/or endothelial cells 
of glomerulus. Expansion of mesangial region and 
basement membrane thickening could be reported in 
further studies, the role of the mesangium is to 
support and anchor the capillary loops to enable 
them to retain their structure and function '**!, The 
mesangial expansion is crucial was described as 
structural change leading to a loss of renal function 
in diabetes °!. Changes in the parietal layer of 
Bowman’s capsule characterized as metaplasia 
could be observed. Although the parietal layer has 
no role in the glomerular filtration, they assumed that 
beside glomerular expansion, the change of 
squamous epithelium into columnar could also 
contribute to the reduction of Bowman’s space. It is 
known that changes in the structure and function of 
the glomerulus affect the tubules °°. 

Use of ASE in the present experiment 
minimized these histopathological changes in an 
obvious ameliorative effort. These observations 
support and extend previous results that recorded a 
marked reduction in histopathological changes in 
diabetic animals by crocin administration and the 
appearance of the kidney was nearly similar to the 
control group °”. Also, safranal treatment to rats 
with DN reduced renal damage and consequently 
reduced the severity of nephropathy by decreasing 
the serum blood urea nitrogen and creatinine levels 
[8]. These results are in line with former ones 
performed a histopathological study recorded 
infiltration of lymphocytes in the interstitial spaces, 
glomerular hypertrophy and vacuolated cytoplasm 
of tubular epithelial cells in the untreated diabetic 
group. The injury in ASE treated diabetic group was 
less '”!, Also, crocin administration significantly 
ameliorated biochemical and _histopathological 
parameters altered alongside DN progression. 
Crocin administration significantly reduced DN- 
induced increase in kidney/body weight ratio. In 
addition, it induced a significant normalization of 
parameters of renal functions including serum 
creatinine, BUN and protein in urine and enhanced 
creatinine clearance as well. It also antagonized DN- 
induced increase in serum LDH and catalase activity, 
suggesting anti-inflammatory properties '°!, In a 
recent study, it was demonstrated that saffron 
aqueous extract can protect the kidney and liver of 
diabetic rats against damage caused by 
hyperglycemia-induced inflammation, due to its 
anti- inflammatory potential °7!. 

Concerning the collagen distribution in the 
renal tissue of experimental animals, in the current 
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study, as affected by DM. Masson’s trichrome 
stained sections revealed that the application of STZ 
resulted in extensive collagen deposition with a 
significant value around thickened congested blood 


vessel walls, peritubular and _periglomerular 
localities. These results support and confirm 
observations reported that diabetic 


glomerulosclerosis is defined by an increase and 
accumulation of glomerular extra cellular matrix 
(ECM) that is mainly synthesized by mesangial cells 
that underwent an activation mediated by cytokines 
and growth factors from various cellular origins B®, 
Provided evidence that the diabetic state stimulated 
synthesis of several ECM molecules in the kidneys 
of experimental diabetic animals PH., Previous 
studies reported that basement membranes were 
thickened and ECM components such as laminin, 
fibronectin and type IV collagen were increased in 
short-term diabetics P~. These data suggested that 
diabetic glomerulosclerosis is associated with an 
increase in the synthesis of GBM components. 
Moreover, disruption of the balance between 
production and degradation of ECM components 
may affect the thickening of basement membranes in 
DN "I, Histological changes have been found 
recording mesangial expansion, thickening of the 
GBM, and glomerular sclerosis P“. The mesangial 
expansion is directly induced by hyperglycemia, 
perhaps via increased matrix production or 
glycosylation of matrix proteins °°!, Thickening of 
the GBM in diabetic nephropathy occurs through up- 
regulation of transforming growth factor-B 1 (TGF- 
B1) and connective tissue growth factor (CTGF) 
because they stimulate ECM accumulation and 
fibrotic effects P®, The increase in collagen 
deposition in the present study could be ameliorated 
by the treatment of the diabetic animals with ASE 
and this is confirmed quantitatively by image 
analysis to record the protective potential of saffron. 
These findings are in agreement with other studies in 
which crocin recoded a significant histopathological 
improvement and reduced fibrotic tissue ratio 
confirmed with a reduction of percentage area of 
Masson's Trichrome positive tissues. It also 
preserved renal tubular integrity and decreased DN- 
induced decrease in the intra-glomerular space area 
as well |), 

Since caspase-3 is the key inducer of apoptosis 
in the living cell. Therefore, in the present study, it 
was taken as a marker to reflect the 
histophysiological state of the cell in the different 
experimental groups. In the current study, the kidney 
sections of diabetic animals exhibited a strong 
activity for caspase-3 with significant value. This 
increased immunoreactivity was minimized to 
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decrease significantly approaching the normal status 
by the administration of saffron. Caspase-3 is the 
most crucial enzyme in apoptosis and supplies a 
common pathway for apoptosis both induced by the 
death receptor-dependent on mitochondria. Caspase- 
3 is associated with the pathogenesis of renal damage 
models related to apoptosis P”. Studies used 
immunohistochemical and Western blot methods 
that find that caspase-3 expression increased in the 
renal tissues of STZ diabetic mice compared to the 
control group. They also found that after the renin- 
angiotensin system (RAS) blockage, there was a 
significant decrease in caspase-3 expression at renal 
tissues of diabetic mice *!, Active caspase-3 was 
located in the nuclei of these cells. In fact, caspase-3 
is primarily in the cytoplasm and once activated is 
transported into the nucleus during apoptosis to gain 
access to its nuclear substrates, such as lamin B and 
nuclear pore complex proteins °l, Also, our results 
are in agreement with those which demonstrated that 
increased expression of caspase-3, cyclooxygenase 
(COX) -1 and -2, calcium-sensing receptor (CSR), 
and hypoxia-inducible factor-1a@ (HIF-1a) in the islet 
of Langerhans, liver, and kidney in STZ- induced 
DM in rats. These results supported the idea that 
cellular damages due to DM can occur in very early 
stages of the disease *°!, 


CONCLUSION 

Administration of ASE showed significant 
ameliorative effects on the biochemical, 
histopathological and immunohistochemical 


parameters in kidney tissue of treated diabetic mice 
which may suggest a prophylactic role in diabetic 
medication. 
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